The effectiveness and efficiency of the active interlocked modeling (AIM) dyadic protocol in training complex skills has been extensively demonstrated. However, past evaluation studies have all used male participants exclusively. Consequently, the present study investigated the generalizability of the effectiveness and efficiency gains to women. We randomly assigned 1 08 female participants to either the AIM-dyad condition or a standard individual control training condition. The results supported the robustness and viability of the AIM protocol. Although their overall performance was lower than that obtained for men in previous studies, women trained in the AIM-dyad condition performed as well as those trained in the individual condition. Thus, the efficiency gains associated with the AIMdyad protocol, which result from the ability to train two people simultaneously to reach the same performance level as a single person with no increase in training timne or machine cost, are generalizable to female participants. The applied and basic research implications of the present study are discussed within the context of well-documented male/female differences in the performance of complex psychomotor tasks. For instance, given the number of women entering the workforce and the significant proportion of women in professions previouslv deemed to be male-dominated (e.g., air navigation), it is reassuring to know that sex differences in task performance do not necessarily imply sex differences in the effectiveness of training protocols.
INTRODUCTION
The objective of the present study was to replicate the effectiveness of the active interlocked modeling (AIM)-dyad protocol and, also, to extend and contribute to the extant literature by investigating the comparative effectiveness of the protocol for female traineessomething that has not been demonstrated to date. The AIM-dyad protocol (Shebilske, Regian, Arthur, & Jordan, 1992) was developed in response to the interest in the development and design of effective and efficient training protocols in automated instruction environments (i.e., microprocessor-based training systems, including computer-assisted instruction, computer-based training, simulatorbascd training, computerized part-task training, and intelligent tutoring) in both civilian and military settings.
The AIM-dyad protocol is an unsupervised practice protocol defined as observational learning in the context of actively performing a task in harmony with a partner. It requires trainees to perform each half of a task alternately with a partner who performs the other half. Each trainee learns both parts by handson practice on alternate trials and learns the connection between parts by modeling the actions and reactions of his or her partner (Arthur et al.'. 1995) . Variations of this protocol can also be used for tasks that cannot be readily divided into separate functions that are performed simultaneously by partners (Paulus, 1999) . The AIM-dyad protocol has been well received because it has been demonstrated to achieve high levels of training efficiency at little or no cost to performance (Arthur, Day, Bennett, McNelly, & Jordan, 1997 . Arthur et al., 1995 Shebilske et al., 1992) . The increased efficiency of the AIM-dyad protocol results from the ability to train two people simultaneously to achieve the same performnance level as a single person with no increase in training time or machine cost (Shebilske et al, 1992) . Thus, for a specified amount of training time and resources, twice as many trainees can be trained using the AIM-dyad protocol compared with the standard individual-based protocol.
In spite of its advantages, the experimental studies demonstrating the utility of the AIMdyad protocol have all used male participants exclusively (e.g., Arthur et al., 1995 Arthur et al., , 1997 Shebilske et al., 1992) . The exclusion of female participants has not been incidental. The primary lab task in this program of research has been Space Fortress (Human Engineering Laboratory, Technion -Israel Institute of Technology), a computer-based video game with high cognitive, perceptual, and motor demands designed to simulate complex and dynamic aviation environments (Gopher, 1993) . However, consistent with the extant psychomotor literature, our pilot (i.e., initial) studies indicated large sex differences in the performance of Space Fortress. These differences were large enough to motivate the decision to use all-male samples in an attempt to prevent sex differences from overshadowing the effects of the variables under study (e.g., the comparative effectiveness of the AIM-dyad and individualbased protocols).
These sex differences in performance are not unique to the Space Fortress task. A considerable amount of research, in psychology as well as in other disciplines, has focused on the role of sex in behavioral differences. Sex differences have been studied with regard to physical, emotional, and behavioral variables in a wide range of domains, such as personality, motor dexterity, learning ability, attitudes, and skills. Thus, given the wealth of research demonstrating sex differences, particularly in the performanice of tasks involving psychomotor skills such as spatial orientation, route navigation, and aiming (Maccoby & Jacklin, 1974; McCloy & Koonce, 1982; Nyborg, 1983) , it is not unreasonable to question whether a training protocol that has been developed and "validated" exclusively on men will be equally effective for female trainees. That is, to the extent that male/female differences on complex psychomotor tasks are so pronounced, will a training protocol that has been dernonstrated to be effective in training malen on such tasks be equally successful when used to train wvomen?
Whether the effectiveness of instructional design is sex-specific is a legitimate scientific and applied research question, given, among other reasons, the demographic changes in the working population. For instance, the percentage of women in the U.S. labor force has steadily increased in recent years such that women now constitute 46.1 % of the civilian labor force (U.S. Bureau of the Census, 1996). In the military sector, women currently constitute 16.8% of the total active duty personnel in the U.S. Air Force (U.S. Departrnent of Defense, 1996) .
In summary, the objective of the present study is to replicate the effectiveness of the AIM-dyad protocol and, also, to extend and contribute to the extant literature by investigating the comparative effectiveness of the protocol for female trainees -something that has not been demonstrated to date. Based on past research demonstrating the effectiveness of the AIM-dyad protocol (e.g., Arthur et al., 1995 Arthur et al., , 1997 Shebilske et al., 1992) , it was expected that female participants trained with the AIMdyad protocol would perform just as well as those trained with the individual-based protocol. Specifically, it was expected that the effectiveness and efficiency gains obtained for the AIM-dyad protocol with men will also be demonstrated for women.
METHOD

Participants
The study sample consisted of 108 femlale undergraduate students recruited from the introductory psychology subject pool of a large southwestern university. The mean age of the participants was 19.43 (SD = 2.48) years. All participants were required to have normal or coi-rected vision and to be right-handed to participate in the study. Students participated on a voluntary basis for course credit. The total duration of their participation was 5 h. Arthur et al. (1997) reported a meta-analytic d of 0.01 between the AIM-dyad and individual protocol. Although the difference is practically zero, assuming a d of 0.01, a sample size of 75 000 would be needed to detect it as statistically significant at the .05 level with a power of .80. The present sample size (N = 108), however, results in a power of only .04 for detecting the same meta-analytic eflect of 0.01 as being statistically significant (p = .05; Cohen, 1992) . The sample sizes for past AIMdyad related studies have been smaller than that used in the present study. Although the issue of small sample sizes is not the reason for th-e failure to obtain significant differences between the AIM-dyad and individual-based protocols (Arthur et al., 1997; Jordan, 1997) , the present sample size preempts this potential problem by using a sample size that is relatively larger than those used in previous studies (i.e., 108 vs. an average of 69, respectively). Furthermore, in spite of the lack of differences obtained in previous studies, assuming a medium effect size difference (d = 0.50) between the two protocols, a sample of size of 128 will be needed to detect this difference at p = .05, power = .80. Thus, in summary, the present sample size of 108 is sufficient for the protocol comparisons of interest.
Screening
Past studies investigating the AlM-dyad protocol using Space Fortress have included a screening session as a standard part of their procedure. Specifically, participants were prohibited from participating in the study if they failed to reach a minimum score of 780 points on an aiming screening task (Mane & Donchin, 1989) or if they reported playing more than 20 h of video games per week. This screen-ing was used to reduce error variance and to make the participants more representative of those in operational training centers. Exclusion rates attributable to screening typically affected less than 1 % of the sample in studies using male participants (e.g., Arthur et al., 1997; Shebilske et al., 1992) . Although the present study administered the same screening measures, these data were not used to select or exclude participants because the failure rate on the aiming task (33%) would have made it difficult to obtain researc-h participants from the specified pool. The effects of this decision are later addressed both empirically in the Results section and conceptually in the Discussion section.
Materials
Laboratory rooms were equipped with a table, a computer and monitor, a right-hand joystick, a standard three-button mouse, and two right-handed chair desks. Trainees controlled a space ship's flight path using the joystick and shot missiles with a trigger on the joystick. A fortress was located in the center of the screen with two concentric hexagons surrounding it. An information panel at the bottom of the screen indicated the fortress vulnerability, which changed with each missile hit. Friend and foe mines flew in the space surrounding the fortress and were identified by a mine indicator in the information panel. in order to destroy foe mines, trainees were required to push an "identify friend or foe" (1FF) mouse button at the appropriate tim.e. Symbols appeared on the screen just below the fortress to indicate opportunities to gain bonus points or additional missiles by pushing either a "points" or "missiles" mouse button at the appropriate time. Also, the information panel showed the number of available missiles, a battle score, and component scores based on ship velocity, ship control, and th-e speed of dispatching mines. The screen displayed a total score, which was a composite of thie others, at the end of each game. A more detailed description of Space Fortress can be found in Arthur et al. (1995) .
Attitudes toward Video Games and Space Fortress-Specific Self-Efficacy
Given the nature of the Space Fortress task (basically, a 'track-them-down. shoot-themup" game), it seemed plausible that differential male/female attitudes and interests in tasks and games of this type (e.g., see Funk & Buchmar.. 1996; McClure & Mears, 1984 ) might be a potential confound. Thus data on these variables were collected to assess the similarity between the present female participants and male participants (N = 110) participating in another Space Fortress study. The results of these comparisons, which are presented in Table 1 , show an absence of sex differences. The lack of differences is not surprising, considering that both groups volunteered to participate in a study described in the posted recruitment posters and flyers as "learn to play a video-game-like task." (Copies of measures used to operationalize attitudes toward video games and Space Fortress-specific self-efficacy are available from the second author upon request.)
Design and Procedure
Trainees were randomly assigned to one of two training protocols: AIM-dyad or individual. There were 54 AIM-dyad trainees and 54 individual-based trainees. At the onset of the study, trainees signed a consent form and a contract, completed a screening inventory that asked questions regarding their present videogame involvement, and participated in the aiming screening task. Participants were then given 20 mm of instructions that explained the rules of Space Fortress. They were also infotnned of four strategies on how to play Space Fortress. These strategies, which on the basis of previous studies have been determained to be optimal, included information on how to best control one's ship, utilize bonus opportunities, and handle friend and foe mines. All trainees then played, as individuals, four 3-min baseline Space Fortress games (Session 0), followed by a 5-min review of the instructions and strategies. It was at this point that participants were assigned to their particular training protocol and differences between the two training protocols began. Trainees in the dyad protocol were assigned the same partner throughout training.
Each session consisted of two parts: eight 3-min practice games and two 3-min test games. In each session, trainees played the eight practice games coisecutively followed by two test games. At the end of each practice and test game, participants received on-scr-een feedback as to their total score and various component scores. Participants spent a few moments reviewing this information. Thus, with the exception of the first-day session (which lasted about 2 h), all sessions were scheduled for I h, although they typically lasted lasted about 40 min.
Trainees in the individual protocol performTed both the practice and test games alone; the joystick was operated with the right hand and the mouse with the left. During each session in the dyad protocol, trainees practiced with a partner; onc trainee, using her left hand, controlled all functions related to the mouse (mine-missile manager) and the other trainee, usinig her right hand, controlled all functions related to the joystick and trigger (pilot-gunner). A complete overview of the study design is presented in Table 2 . Criterion measures were the average total scores from the four 3-min baseline games (Session 0) and the two 3-mim test games for each of the subsequent scheduled 1-h training sessions (Sessions 1-4). Table 3 presents descriptive statistics and d effect size differences between the AIM-dyad and individual-based protocols on all Space Fortress test sessions, Two-tailed univariate significance tests for diflerences are also presented. Results at baseline indicated that trainees were equivalent in initial Space Fortress performance prior to the assignment to training protocols, t(106) = 0.57, p > .05.
RESULTS
The primary research objective was to test for differences between the AIM-dyad and individual-based protocols in terms of the amount and rate of skill acquisition attained by trainees in the two protocols. Using a 2 x 4 mixed analysis of variance (ANOVA), the results of the between-subjects main effect for training indicated that the training protocols did not result in different levels of Space Fortress performance, F(1, 106) = l.61, p > .05. Furthermore, although there was a significant within-subjects main effect for session, F(3, 318) = 49.25, p < .001, the training protocols were not differentially effective in improving performance over sessions -that is, the Condition x Session interaction tern was not significant, F(3, 318) = 0.79, p > .05.
It is noteworthy that the results did not change when the analyses were repeated after applying the screening criteria used in previous studies of male participants, despite a 33%0 exclusion rate in the female sample (compared with an exclusion rate of approximately I % typically obtained for male samples; e.g., see Arthur et al., 1997) . This is consistent with the data in Table 3 , which shows that the performance descriptive statistics and d effect size differences between the two protocols for female participanits who passed the screening criteria were similar to those for the total sample.
Thus, consistent with results reported in allmale studies, both the amount and rate of skill acquisition appeared to be the same for the AIM-dyad and individual-based protocols. These results are further illustrated in Figure 1 , which presents the performance of the dyads and individuals across all Space Fortress test sessions.
For comparative purposes, male data for corresponding sessions from Arthur et al. (1997) are presented in Table 3 and also plotted in Figure 1 . (Data from Arthur et al., 1997, were used instead of those from Shebilske et al., 1992 . Because the latter did not have a true baseline score and the present study did have one, the Arthur et al., 1997, study was deemed to be the snore comparable one.) Statistical analyses of the male/female data Note: The effect size statistic, d, is the standardized difference between two means. In computing d, AIM-dyad is the "experimental" condition and the individual-based condition is the "control." Female AiM-dyad n = 54 (passed screening = 35); female individual n = 54 (passed screening = 37); male AIMdyad n = 40; male individual n = 49. Male data are from Arthur et al. (1997) . SF S Space Fortress. a'No univariate tests for differences were significant at p < .05 (two-tailed). .05. The withinr-subjects main effect for session was significant, F(3, 579) = 155.26, p < .001, and so was the Sex x Session interaction term, F(3, 579) = 5.58, p < .001. However, the Condition x Session, F(3, 579) = 0.44, p > .05, Condition x Sex, FRI, 193) = 2.90, p > .05, and Condition x Session x Sex, F(3, 579) = 0.68, p > .05, interaction terms were nonsignificant. In summary, these results indicate that although there were mean differences in the performance of men and women, the two training protocols were not significantly different in effectively improving female and male performance.
DISCUSSION
The objective of our study was to assess the generalizability of the effectiveness and efficiency gains of the AIM-dyad protocol to female trainees. Our results demonstrated that women trained using the AIM-dyad protocol performed as well as those trained in the individual-based protocol. These results are consistent with those obtained for the male studies and lead to the conclusion that the previous results obtained for the AIM-dyad, in terms of its comparative effectiveness and efficiency, are generalizable to female trainees. However; as expected, there was a marked difference between men and women in terms of their performance on the task, even when the analyses were limited to only those women who exceeded the cutoff score on the aiming task.
In light of these performance differences, it is important to acknowledge concerns about the comparability of the female and male data. Sessions for participants from both studies were run in the same lab (room), under the same conditions, using the same apparatus. There was also a reasonable overlap in the members of the research team, who were all trained using the same procedures. However, the female and male data differed chronologically in terms of when they were collected (i.e., different academic semesters). Furthermore, the men were recruited to participate in a 
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. . . . study that involved 2 weeks of training and I week of retention/reacquisition separated by an 8-week nonpractice interval. However, the comparisons made in the present study were based on the first four sessions, which were identical across the two data sets. Finally, because the mens' participation extended over 1 1 weeks, they were paid $75 for their participation, whereas the women received course credit. It is important to note that the Jordan (1997) meta-analysis failed to obtain any eff'ects for remuneration type. In summary, given the totality of the similarities and differences between the studies, the size of the sex ef fect, and the similarity of the within-study pattern of results, we think it highly unlikely that the sex effects are attributable to the differences noted here. Another interesting potential sex effect is the trend in the data that, though not statistically significant, suggests that for men, individuals performed slightly better than did AIMdyads, whereas female AIM-dyads performed slightly better than did the individuals (see Figure 1 ). Related to this, the results of the present study have implications for training mixed-sex teams and groups on tasks similar to that used here. Of interest here is the effect of sex heterogeneity, not only on the performance of the group or team, but also on the amount -4000 of skill acquisition achieved by individual members. Although it is well documented that all-male teams outperform all-female teams on complex perceptual motor skill tasks (e.g., Dalton, 1990) , there is a lack of clarity about the performance levels of individuals under these conditions. Specifically, the following questions concerning performance levels of individuals working in teams are of interest: (a) How does the sex composition of dyads affect performance during training of a complex perceptual motor skill task? How do allmale, all-female, and mixed-sex dyads/teams rank order in terms of performance? (b) Is the individual performance of men trained in mixed-sex dyads lower than that of men trained in all-male dyads? If so, by how much? (c) Is the individual performance of women trained in mixed-sex dyads higher than that of women trained in all-female dyads? If so, by how much? (d) Are the gains in performance for women trained in mixed-sex dyads greater than the losses in performance for men trained in mixed-sex dyads?
The importance of questions of this sort are highlighted by the influence of team/dyadic composition -not only the implications it has for overall team performance, but also its effects on the learning and performance of individual trainees in teams. Thus, given the increasing prevalence of teams in organizational settings, this line of research warrants future attention.
Although there has been a substantial amount of research on the reasons for the observed sex differences on specified tasks (e.g., see Benbow, 1988; Fennema & Peterson, 1985; Galea & Kimura, 1993; Gouchie & Kimura, 1991; Kimura, 1992; Nyborg, 1983; Shute, Pellegrino, Hubert, & Reynolds, 1983) , no single theory is commonly accepted as completely explaining these differences. Our research objective was not to explain these sex differenices but, rather, to assess the extent to which the AIM-dyad efficiency gains obtained with men would generalize to women.
Several researchers, however, have investigated ways to eliminate the sex differences in performance, and some have succeeded through relatively small changes to the task (e.g., Peters & Campagniaro, 1996) or instructional method used (e.g., Kaas, Ahlers, & Dugger, 1998) .
Although the results of these studies demonstrate that it is possible to reduce or even eliminate sex differences in complex perceptual motor skill tasks, a potentially unpopular political and maybe even illegal implication concerns the use of different training protocols for men and women. Consequently, before taking or even recommending such a step, further investigation of the possible causes of these sex differences in performance and the use of different training strategies according to sex is warranted.
In summary, the present study demonstrated that the efficiency and effectiveness of the AIM-dyad protocol generalizes to women. We consider this an important finding because the AIM-dyad protocol has been successfully implemented and incorporated into the training of both military and civilian pilots (Shebilskc, Goettl, & Regian, 1999) . However, the present study also obtained sex differences in performance. Given the increased number of wonmen entering the workforce and the significant proportion of women employed in professions previously deemed to be male dominated (e.g., air navigation), it is reassuring to know that sex differences in task performance do not necessarily imply sex differences in the effectiveness of specified training protocols. However, to the extent that we can identify the variables and operational mechanisms for the observed sex differences in performance, the appropriate steps, such as the use of dlifferent training protocols, instructional designs, or manipulation of the dyadic/team composition (i.e., pairing strategies) could be implemented to r educe or even eliminate these performance differ ences. 
